ABSTRACT: Innovation in the changing undergraduate engineering curriculum mandates efficient management of interdisciplinary capstone senior design projects. This effort requires collaboration and management of students and faculty from multiple disciplines, and provides students an opportunity to learn from other engineering disciplines. In addition, this approach will i) emphasize problem solving and creative thinking skills; ii) provide students first-hand experience in generating a management plan; iii) expose students to multiple engineering disciplines, and work in diverse, multi-cultural teams; and iv) prepare students with an in-depth understanding of the interdisciplinary skills necessary for success. The senior design project (SDP) presented is based on the interdisciplinary collaboration of electrical, computer, and mechanical engineering students and faculty to design an integrated high altitude balloon system that would reach an altitude of 100,000 feet and return safely to earth. This paper presents methods by which all the above issues are addressed, results obtained over the recent years.
INTRODUCTION
The rapid advancement in technology has laid a path for the design and manufacture of many integrated technologies. Simultaneously, these advancements have provided new avenues for the engineering educators to better prepare tomorrow's global citizens through innovative methods capable of responding to the challenges of tomorrow [1] . One significant and innovative methodology that can be used to prepare future engineers is involving them in an interdisciplinary project that models professional collaboration. The High Altitude Balloon (HAB) system is one such platform, and it can be used in near-space region of earth's atmosphere (about 85,000 to 100,000 ft above the sea level) for research in science, technology, engineering, and mathematics (STEM). The HAB system involves investigating a complex system with multiple engineering education and research elements, such as wireless communication; alternative energies, including fuel cell and solar radiation studies; control system design; data analysis for computing; payload material design; designing a balloon filling mechanism; flight path prediction and aerodynamics; wind data studies; shape memory composites; heat transfer analysis; and developing a self guidance system to a safe location Through working on this project, students delve into a complex engineering system that (1) exposes them to applied and cuttingedge design projects; (2) encourages them to participate in an integrated, inter-disciplinary curriculum that facilitates engagement by working across engineering disciplines; (3) involves them in methods of applied technology and skills necessary to transition from academic to professional environments. Major challenges in this project were formulation of design requirements; effective management of budget and resources; meeting stringent timelines; effective technical communication among inter-disciplinary team members for meeting the overall design goals; leadership skills; marketing strategies; and development of interpersonal skills to work as a team. This paper presents the various challenges of engineering management in this interdisciplinary platform, and presents solutions to these challenges.
INTERDISCIPLINARY TEAMS
The conventional senior design projects in the engineering curriculum limit the bounds to just one discipline and focus on improvement rather than innovation. A student-focused curriculum is required to address some of these limitations. Undergraduate education is a stimulation and nurture process where students are open and eager to learn new things. It is up to faculty mentors to provide opportunities to actively involve and guide the students. Engineering education, on one hand requires the adaptive grasping of basic theories, and on the other hand, emphasizes hands-on experiences, innovative ideas and creativity that meet societal needs. There is a genuine necessity to bridge the gap between theory and practice. A practical approach is to improve student participation in innovative design methods and education.
Two critical success factors for an engineer in the "flat-world" are their ability to adapt to changes, and be able to work at the interface of different disciplines [2] . In this "flat-world" [3] , engineers and scientists need to constantly absorb and teach others new ways of doing old or new things, and mostly learn how to work well with others. By working with others, students:
(a) obtain opportunities to experience a different domain; (b) combine knowledge and skills from different disciplines; (c) work as a team member; and (d) solve real-time research problems. Also, interdisciplinary collaboration provides students with significant personal development opportunities [4] .
ABET describes that engineering programs focus on theory, and engineering graduates spend their time planning, while technology programs focus on application and technology graduates spend their time making plans work [5] . Additionally, this platform is in accordance with the National Academy of Engineers recommendation that, "Engineering schools should introduce the interdisciplinary learning in the undergraduate environment, rather than having it as an exclusive feature of the graduate program" [1] .
In addition, one primary advantage of interdisciplinary teams is that instead of each student team requiring initiation of a project from ground zero, they can work on the project based on a platform that has been set in stone previously. This provides ample time for the students to deal with integrated and complex projects, and have a deeper understanding of new concepts. Engineers recommendation that, "Engineering schools should introduce the interdisciplinary learning in the undergraduate environment, rather than having it as an exclusive feature of the graduate program" [1] .
In addition, one primary advantage of interdisciplinary teams is that instead of each student team requiring initiation of a project from ground zero, they can work on the project based on a platform that has been set in stone previously. This provides ample time for the students to deal with integrated and complex projects, and have a deeper understanding of new concepts.
HAB SYSTEM
Studies indicate that it is important to focus on systematic, integrated technology research and design approaches such as a HAB system as an educational tool for undergraduate STEM curriculum [6] . By developing students' instruction around a laboratory setting, and using a systematic design and research approach throughout a project, students can fully conceptualize and understand an engineering system. This approach fosters student engagement and creativity by enabling them to learn science and engineering in a tangible context as opposed to simply a theoretical or computational modeling approach. This systematic research and design approach is in line with an engineering education movement that emphasizes integrated engineering curricula that challenges undergraduate students to form connections between current technological topics and their applicability to societal needs, as well as to envision future challenges in the engineering profession.
High altitude airborne platforms such as airplanes and unmanned aerial vehicles have presented huge advantages in the US military's arsenal over the past several decades through environmental monitoring, precision navigation, communication, missile warning, and intelligence surveillance and reconnaissance (ISR) platforms. They have been used to provide a low cost, persistent sensor coverage option for tactical operations, and have great ground resolution. Conventional aircraft have a practical upper altitude limit (60000-80000 ft above the sea level), where engine efficiency greatly diminishes due to lower oxygen levels, causing internal-combustion, turbine engine failure. Also, there exists a region of the earth's atmosphere (about 60000 ft above the sea level) that remains underutilized for Science Technology Engineering and Mathematics (STEM) research. High-altitude maneuvering lighter-than-air platforms such as HAB uses the principle of buoyancy to take advantage of this region and became potential platforms for ISR, precision navigation, environmental monitoring, communication relays, missile warning, and weapon delivery. These vehicles can provide persistent coverage over large areas of the earth's surface with a substantially lower cost than an earth-orbiting satellite, while providing longer loiter times and larger ground footprints than conventional aircraft.
HAB systems have a fairly standard configuration involving a latex balloon, parachute, control box, and re-entry vehicle as in figure. 1. The re-entry vehicle is a capsule that contains the tracking and communications equipment necessary for tracking and recovering the balloon system. It also contains cameras for recording images during flight and a microprocessor for operating the various sensors and systems onboard.
The HAB system allows a student to: (a) attain a higher level of competence in STEM; (b) understand the complex industry standards and methodologies for a design; (c) make judgments regarding technical and ethical matters pertaining to a design; and (d) communicate and work efficiently in a diverse research teams from different engineering backgrounds. The primary pedagogical objective of HAB platform is to inspire the students in research, design, and project management methodologies, e.g., problem identification, literature survey, critical thinking, problem formulation and solving (analysis, simulation, validation, data analysis, implementation, and empirical evaluation), communication skills, documentation, management of resources and budgets, keeping up with the deadlines, independence, collaboration, and participation in a diversity setting. Involvement in a student-focused integrated holistic program will help students to re-conceptualize their view of engineering in a context which addresses societal needs that are driven and influenced by the global market place for engineering services of the future [7] . The section below outlines some of the student projects using the HAB system. 
In this project, students designed and prototyped an application running on wireless sensor networks for environmental monitoring and displaying the environmental data on the web, e.g., obtaining a temperature map of the sensor field. The application required execution with limited resources available on sensor nodes and robust to sensor failures. Students had to determine what data to transmit, as well as when and how often to transmit data to the base computer due to limitations in available bandwidth.
Software Design for Sensor Networks
As the application of wireless sensor networks for environmental monitoring and displaying the environmental data on the web is closely coupled with the physical network, an embedded system programming approach and computer language was used. Data collection software was developed and experimented on the sensor network. Also, a website that visualizes the environmental data, such as a temperature map, was be developed so that the environmental conditions can be viewed in real-time from anywhere via the Internet.
Thermal and fluid dynamics of HAB System
According to NASA-Wallops research, there are many unknowns/uncertainties in finding thermo-fluids variables, including convection coefficient, radiation properties, and pressure variables etc., which are related to the HAB. As a result, a need exists for experiments to obtain information that would help to identify and solve the problems. One potential area includes data for the measured skin temperature and the temperature of the helium inside a balloon at high altitudes.
TEAM MENTORING AND MANAGEMENT
The HAB system team comprises of 4 to 6 undergraduates, one graduate student, and four faculty mentors with various research backgrounds spanning from computer, electrical, engineering education, industrial, materials, and mechanical engineering from different institutions. The role of these faculty mentors is multidimensional as their primary responsibilities involve the overall administration of the HAB program, and management of activities for the project. Due to the wide scope of their responsibilities, they need to be individuals with a unique set of skills and abilities that include broad knowledge of STEM fields and appreciation and valuing of diversity, so as to serve as "champions of change" [8] . These mentors have developed skills in interdisciplinary research and education, and also served as spokespersons for the program, emphasizing its focus on competence and its contribution to the advancement of engineering education.
These mentors are aware that that one key strategy in recruiting and retaining students in STEM disciplines is peer mentoring. Accordingly, students are required to participate in workshops/seminars while working on this project, and also learn about STEM issues to develop a good rapport with the professors and individuals from the industry. This helped towards a) enhanced communications skills in the students; b) increased knowledge of contemporary issues; c) increased ability to function in a multidisciplinary team; d) understanding professional and ethical responsibilities; f) networking to secure jobs and find mentors for their further career. This method provided a benefit to the participating faculty by enhancing their rapport with the industry to seek more projects.
There were multiple tasks that needed to be completed to make the project a success. The first step in the project was to assemble a team and brainstorm on the approaches and experiments to be performed. Some of the experiments proposed for the project were solar cell studies of voltage and current at high altitudes, guiding the payload to land in a desired location, achieving high bandwidth communication with the ground, obtaining temperature, pressure, and humidity measurements during flight, and taking pictures from the payload. A timeline was then set for the completion of tasks, and duties were assigned to team members. Once the group came to a consensus concerning the desired outcomes of the project, research began to determine the optimal process to follow. Each group designs and performs experiments and builds off of other groups' successes and failures. This communication and sharing of information rather than being in strict competition allows future projects to evolve and to be more successful.
Project Timeline
At the beginning of the academic year, faculty mentors deliver a presentation on a few design projects that might be of interest to students. Students were given one week to choose from the existing project or design a new project. During this time, faculty and graduate students work closely with the seniors to help them identify a project that suits their interests and primarily, requirements from the industry. Throughout the duration of the program, students met the faculty mentors and graduate student once every week to discuss the progress and plan the week ahead. By the end of fall quarter, students complete a trial HAB system launch and present their preliminary findings and a time plan towards project completion. During the winter and spring quarters, students work on a specific topic of research. At the end of the spring quarter, the students gave their final presentation to fulfill their senior design project requirements.
Cultivating Ethics and Professional Standards
Through the HAB educational model, students learn the significance of making engineering decisions that are consistent with engineering design safety while maintaining the welfare of the public. In the HAB project, some problems that students encounter address ethical issues such as adherence to FAA regulations, management and selection of safe radio frequency range for communication, etc. Students were involved in a technical writing course to help them with their writing and publication of their HAB project. In this technical writing course, students discussed ethical issues such plagiarism, referencing and learning how to differentiate between their contribution and prior knowledge. The HAB students were also encouraged to take EGR 482: Engineering Fundamentals to prepare for the Engineer-In-Training (EIT) state exam (the first step towards becoming a licensed professional registered engineer). In this course, students learn the code of ethics for engineers as described by the National Society of Professional Engineers.
Leadership, Service Learning, and Civic Engagement Activities
The service learning and civic engagement component in a project must involve a relationship to the theory and practice of the academic discipline and student reflection through community outreach or service [9] . The service learning and civic engagement and civic engagement activities address the context within which engineering education must help students in addressing professional, geopolitical, economical; and societal needs in the future [10] . Some of the needs are diversity initiatives and role models in the STEM fields from the Wright STEPP, pre-engineering program where majority of students come from underrepresented groups and disadvantaged backgrounds.
Relation to the theory and practice of STEM principles involved the participating students teaching HAB principles to the Wright STEPP pre-engineering program. One of the mini projects developed to aid in this process is the weather balloon system [11] . Similar to HAB system, the weather balloon system is an integrated technology project that encompasses multiple STEM principles. The hands-on activity for the Wright STEPP students on this project involved soldering components onto a printed circuit board; calibrating and testing the system for optimal functionality; launching the system and analyzing data received during flight to study the temperature profiles in the atmosphere.
Technical and Professional Development
In the HAB project, students participated in weekly lectures, seminars, and workshop aimed at enlightening them in issues and activities related to the engineering profession. One of the most difficult endeavors in the engineering curriculum is encouraging students to develop creative, independent thought and a deep level of understanding [12] . One major goal in this HAB program is to prepare students for the engineering profession. Through the HAB experience, students focus on learning about independent research and design methods such as conducting literature review to research a HAB topic, writing a technical manuscript for group presentations and publication in an archival and conference proceedings. The HAB participants were required to attend at least one professional meeting and present their research work to gain confidence in public speaking and have a better understanding of the professional environment.
CONCLUSION
As a part of senior design class, all students were required to participate in background research, design, integration, testing, and documenting the progress of the project. While working on HAB project, students got the opportunity to work with students from other disciplines. One of the essential aspects students learned is effective communication of technical concepts and ideas to students from a different discipline. The most valuable experience students gained from the interdisciplinary project is development of teaming skills required to work in the real-time projects, where individual engineer rarely works alone on a project. Through working on this real-time project, students not only enhanced their technical skills, but also their interpersonal skills to work as a team, and were able to improve their intellectual self-confidence.
Some of the other projects the HAB teams work on include: a) relaying real-time still and video images to ground as a surveillance mechanism; b) stabilization mechanism to counter the forces acting on the command module during flight, thus creating a platform for science experiments; c) a self contained fuel cell system that could power the whole HAB system allowing for longer duration flights.
